@

@

@

ENERGY ENGINEERING ANALYSIS PROGRAM
REDSTONE ARSENAL, ALABAMA

ENERGY SURVEY OF ARMY BOILER AND CHILLER PLANTS

FINAL REPORT
JUNE, 1987

VOLUME I - EXECUTIVE SUMMARY

Prepared for

MOBILE DISTRICT, CORPS OF ENGINEERS

P.0. BOX 2288
MOBILE, ALABAMA 36628-0001

» 19971022 137

BENATECH, INC.

Kngineering & Energr Consultants
1215 HIGHTOWER TRAIL
SUITE D-220
ATLANTA, GEORGIA 30350

ARMY CONTRACT NO. DACA01-85-C-0131,

PART I & I .DTiCQUALIFY rwgrmuTep 5




DEPARTMENT OF THE ARMY
CONSTRUCTION ENGINEERING RESEARCH LABORATORIES, CORPS OF ENGINEERS
P.0. BOX 9005
- CHAMPAIGN, ILLINOIS 61826-9005

REPLW;?)
ATTENTION OF: TR-I Library

17 Sep 1997

Based on SOW, these Energy Studies are unclassified/unlimited.
Distribution A. Approved for public release.

Librarian/Engineering




1.

2,

3.

TABLE CF CONTENTS

VOLIME I - EXECUTIVE SUMMARY

TITLE PAGE

INTRODUCTION 1
1.1 BACKGROUND 1
1.2 SCOPE 1
ENERGY CONSERVATION OPPORTUNITIES 2
2.1 TECHNICAL APPROACH 2
2,2 BCOs ANALYSES 2
RESULTS, CONCLUSIONS, AND RECOMMENDATIONS 8
3.2 CONCLUSIONS 8
3.3 RECOMMENDATIONS 17




TABLE OF VOLWMES

VOLIME I - EXECUTIVE SUMMARY VOLIME VIT
N APPENDIX C - BOILER BCOs

TITLE PAGE BOK 3 OF 3
INTRODUCTION 1 ECO TTTLE PAGE
m m:RVAHw Opmm 2 0000000000 CO000000C000000000P0000P0RCEONOCROIOOTSIIOOITIITS
RESULTS, CONCLUSIONS, AND RECCMMENDATIONS 8 STEEL FEEDWATER ECONCMIZER 549
OXYGEN TRIM SYSTEM 638
VARTABLE SPEFD FANS Th2
VOLIME IT - NARRATIVE INSTALLATION COF TURBULATORS 769

TITLE SECTION

000000 TC0ICPS0000000000C0S00C000C000000CCEOFUITITSOITOITOTS vm Vm

EXECUTIVE SIMMARY APPENDIX C -~ CHILLER ECOs
INTRODUCTION BOK 1 &F 2

EXTSTING CONDITIONS

WORK ACCOMPLISHED

ENERGY CONSERVATION OPPORTUNITIES EVALUAT
ENERGY STUDIES BY OTHERS

CONCLUSTIONS

RECCMMENDATIONS

ECO TITLE PAGE
CONDENSER TUBE CLEANING 1
AUTOMATIC CHIILER TUBE CLEANING SYSTEM &
WATER TREATMENT/FILL REPLACEMENT 200

SN OU =WN -

APPENDIX A
APPENDIX A - CONTRACT SCOPE OF WORK VOLIME IX
TITLE PAGE AFPENDIX C - CHILLER BCOs
BOXK 2 OF 2

000000000000 00080 000800000000 0CPE0C000C00CFCRCRIEOPOTSITOES

CONTRACT SCOFE (F WORK 1
CORRESPONDENCE 2% ECO TTTLE PAGE
. VALME IV CHILLER SHUTDOWN 288
APPENDIX B = PROJECT DOCUMENTATICON TWO-SPEED COOLING TOWER FAN 309
CENTRIFUGAL CHILLER REPLACEMENT 31
TITLE PAGE STEAM DRIVEN VS, ELECTRIC DRIVEN CHILLERS 356
00O CINOSRNV0000C0 0000000000000 0000000000ORIOOICOITCTTS WATEMEW 36u
BOILER OPTIMIZATION 1 CHILLED WATER TEMPERATURE HRESET 4u1
CHILLER OPTIMIZATION 90 VARTABLE SPEFD PUMPING 493

CHILLER BCONGMIZER 131

COMPLETE CHILLER OPTIMIZATION 145

VOLIME X

APPENDIX E ~ BOILER FFFICIENCY CALCULATTIONS
VOLIME V

APPENDIX C - BOILER BECOs ECO TTTLE PACE

m 1 m 3 I E AR R RN RN ENRRE NN REERNRRRESERN R NN RN A NN R R RN NN NN NN SN

FCO TITLE PAGE TESTED COMBUSTION EFFICIENCY 1

900000000000 000008000 CR0CISROPCEOEUNCOCROOEROPORPOICIITBRITSIERORTITYS mmmmmmm 57

BOILER TUNE-UP 1 TUNED FOR AVERAGE LOAD CONDITIONS 107

BURNER REPLACEMENT 87 TUNED FOR SUMMER LOAD CONDITIONS 163
REPLACEMENT BOILER 173
SUMER BOILER INSTALLATION 249

VOLIME XTI
APPRNDIX F - PERFORMANCE TESTING
VOLIME VI

APPENDIX C - BOILER ECOs ECO TITLE PAGE

m2 w3 (I EEXEEERR R RN NNRRNRRREENNNNNNNEN NN NN N NN ENNEN N LN XRJ

BCO TTTLE PACE CHILLER TESTING 1

.'..'!C.C.C'O!'.CCOO'C'.....COOC‘O...O""...'...'. mm m 51
DOWNSIZE BOILERS 29
PREHEAT COMBUSTION ATR 363
BOILER FEEDWATER ECONCMIZER 458




1.  INTRODUCTION

1.1 BACKGROUND

This report is the prefinal report of an Energy Engineering Analysis
Program (EEAP) study of boilers and chillers at Redstone Arsenal, Huntsville,
Alabama. Work was begun January, 1986 on the project by BENATECH, INC. under
Contract No. DACA01-85-C-0131, Parts I and II, with the Mobile District, U.S.
Army Corps of Engineers, Mobile, Alabama. The follcwing activities have been
accomplished:
A detziled field investigation has been conducted.
ECO calculations have been performed and ECIP analyses have been

accompl ished.
- Interin Report has been submitted.
Low Cost/No Cost project documentation packages have been compiled.

Prefinal Report is complete and submitted for review.

1.2 SCOPE

The Scope of Work specified in contract no. DACAO1-85-C-C131, Parts I and
ITI (an¢ included in this report in Appendix A) requires the performance of a
specific energy study. The Energy Conservation Opportunities analyzed under
this study will serve as part of Redstone Arsenal's overall effort to reduce
basewide energy use in accordance with the objectives set forth in the Army
Energy Plan. The contract Scope of Work (SOW) for Redstone Arsenal outlines the
following specific requirements:

- Determine the efficiency of the boiler/chiller plants by appropriate
tests.

- Survey the boiler/chiller plants to determine if efficiency can be
improved by the repair, addition, or modification of equipment and
recomniend improvenmnents.

- Evaluate the control system and recommend changes, repairs, or new
controls which will improve the efficiency of the plant.

- Review operation and maintenance procedures and provide site-specific
recommendations which will increase the efficiency of the plants to the
maximum level.

- Prepare a comprehensive report to document the work performed, the
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results, and recommendations.

A11 of these Scope of Work items have been accomplished.
. 2. ENERGY CONSERVATION OPPORTUNITIES (ECOs)

2.1 TECHNICAL APPROACH

The Scope of Work contains a list of specific ECOs to be studied for
Redstone Arsenal Boilers and Chillers. These ECOs were investigated after
completing our field survey visits and compiling the raw data from the visits.
The steps in collecting the field data are:

- Obtain nameplate data and methods of operation for the boilers and

chillers.

-~ Inspect types and conditions of control systems.

- Take field measurements on boilers and chillers.

Using the field data, the various ECOs were analyzed for their feasibility

of being enacted under Army guidelines.

2.2 ECOs ANALYSES

. 2.2.1 BOILERS

Boiler Feedwater Economizer.

This ECO investigates the energy savings achievable by preheating the
boiler feedwater with recovered waste heat from the flue gas. Borosilicate
heat exchangers are used so that potential corrosion problems are reduced
in the temperature range between 100 F - 150 F. Feedwater economizers
already exist in Building 3624, although these devices were inoperable when
the boilers were surveyed.

Burner Replacenent.

This ECO analyzes the energy savings achievable by replacing existing
burners with modulating, cam=-type burners. These burners modulate the air-
to-fuel ratio as a function of boiler load. This modulation results in a
combustion efficiency of approximately 80% over the operating range of the
boiler. This ECO is not applicable to boilers in Buildings 3624 and 4725

which already employ modulating burners.
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in the temperature range between 100 F - 150 F. Feedwater economizers
already exist in Building 3624, although these devices were inoperable when

the boilers were surveyed.

Boiler Tune-Up.

This ECO evaluates the potential for energy savings by performing semi-
annual boiler tune-ups. The boilers should be tuned for minimum excess air
at their respective average operating loads. A well-tuned boiler operates
at its peak combustion efficiency at the load for which it is tuned.

Preheat Combustion Air.

The purpose of this ECO is to use waste heat recovered from the flue gas in
order to preheat combustion air. Boiler efficiency can be improved by
implementing this technique. For this ECO, improved combustion
efficiencies are calculated using the higher preheated inlet air
temperature; however, all other test conditions remain the same as the
existing test conditions. Preheaters already exist in Building 4725.
Borosilicate heat exchangers are used so that corrosion problems are

reduced in the temperature range between 100 F - 150 F.

"Summer® Boiler.

This ECO analyzes the potential of installing a boiler to handle the steam
production requirements during the "summer" months. The boiler fuel
consunption and operating logs were examined to isolate the steam capacity
requirements for each month. It was determined that during the period of
May 16 - October 15, the boiler demands were at their minimum levels. The
"summer" boilers were then sized to meet these average summer loads. The
energy savings are realized in the increased efficiency of the new boilers
(approximately 80%) as compared with the underloaded (in summer operation)

existing boilers.

Variable-Speed Motor Drives.

This ECO analyzes the potential for savings by installing inverters on
combustion air fan motors. Inverters save energy by controlling the fan

power in response to actual air flow requirements.
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Boiler Replacement.

This ECO evaluates the savings to be achieved by replacing the existing

boiler with a new, 80% efficient boiler of the same size.

Downsize Boilers.

This ECO analyzes the energy savings that could be achieved by installing
smaller boilers designed to meet the average operating load of the boiler
plant. This ECO is applicable to boiler plants which are operating in
underloaded conditions. The savings to be realized result from the
increased efficiencies (approximately 80%) of the new boilers as compared

with the existing underloaded boilers.

Installation of Turbulators.

This ECO analyzes the energy savings achievable by installing turbulators
in fire-tube boilers. Turbulators are baffles which create turbulent flow
in the core of hot combustion gases. This turbulent flow maximizes heat
transfer from combustion gases through the tube walls to the boiler water.
Thus, more heat is used in the generation of steam and less is lost out the
exhaust stack. Fuel savings of 1% can be achieved by installing
turbulators in fire-tube boilers. This ECO is not applicable to water-tube
boilers. The use of Fuel Efficiency, Inc. information does not constitute
an endorsement of their product, but merely an actual representation of

achievable performance levels.

Oxyegen Trim Systen.

The purpose of an oxygen trim system is to control the air/fuel ratio of a
boiler within the most efficient operating parameters. This is achieved by
using an oxygen analyzer in the flue stack in conjunction with a
microprocessor controller. The oxygen analyzer measures the oxygen content
in the flue gas, and a potentiometer nonitors the fuel flow rate. The
microprocessor controls adjust the air flow damper in order to get the most
efficient combustion process. The use of Westinghouse "Veritrim"™ oxygen
analyzer and control information does not constitute an endorsement of
their product, but merely an actual representation of achievable

performance levels.

Steel Feedwater Economizer.

This ECO investigates the energy savings achievable by preheating the
boiler feedwater with recovered waste heat from the flue gas. Alloy steel

heat exchangers are used so that potential corrosion problems are reduced
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2.2.2 CHILLERS
Automatic Chiller Tube Cleaning.

This ECO establishes representative savings which result from the
installation of an on-line condenser tube cleaning system. This system
uses slightly oversized brushes fitted into each condenser tube to remove
rust and deposits. The brushing action is initiated by a diverter valve,
which changes the direction of water flow, pushing the brushes to either
end of the condenser. Flow through the condenser automatically changes.
Savings result from irproved heat transfer from the condenser water through
the condenser tube wall. The savings were calculated using manufacturers'
data. The use of Water Services of America and ATB information does not
constitute an endorsement of their product, but merely an actual

representation of achievable performance levels.

Condenser Tube Clearing.

This ECO analyzes the potential for savings by manually cleaning condenser
tubes. This operation reduces the tube fouling factor to its minimum
achievable value. Reduced fouling factor results in increased heat
transfer capabilities of the system, and consequently less energy is

required to achieve the same cooling capacity.

. Chiller Shutdown.

This ECO analyzes the energy savings achievable when equipment is operated
only when it is needed to provide comfort conditioning. The savings are
calculated for chillers (partially loaded), chilled water and condenser
water pumps, and the cooling tower. No credit is taken for reheating or
air handling savings which will also result. The methodology used to
calculate the savings is shown in "Standardized EMCS Energy Savings
Calculations", CR 82.030, September 1682.

Chilled Water Temperature Reset.

This ECO analyzes the energy savings resulting from resetting the chilled
water supply temperature upward, without appreciably affecting confort
conditions. Savings result from decreasing the demand on the chiller
compressor, and therefore, the amount of energy input to the chiller. The
nethodology used to calculate the savings is shown in the "Standardized

EMCS Energy Savings Calculations"™, CR 82.030, September 1982.
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Water Treatment/Fill Replacement
This ECO analyzes the energy savings resulting from maximizing cooling

. tower performance. Water treatment and replacement of cooling tower fill
are offered as one composite ECO, because one recommendation will improve
and maintain the savings of the other. Considered separately, neither will
offer long term savings. Replacing deteriorated cooling tower fill PVC
polymer will ensure that the condenser water will flow through the cooling
tower and achieve even distribution and maximum heat transfer with the air.
Introduction of water treatment will maintain the desirable effects of the
new fill, but will offer no improvement with the existing cooling tower
£ill. The reduction in condenser water supply temperature will result in
reduced conpressor load. The methodology used is similar to Chilled Water
Temperature Reset. ECOQ's are presented for the buildings with the highest
SIRs. The methodology used to calculate the savings is shown in the
nStandardized EMCS Energy Savings Calculations", CR82.030, September 1982.

Waterside Econonizer

This ECO evaluates the feasibility of installing a plate heat exchanger,
new valves and controls to enable the chiller to be shutdown during periods
of the year when the wet bulb temperatures will provide sufficient

‘ evaporative cooling effect. BPuilding load fluctuates with internal and
external loads. During the fall, winter, and spring, the external cooling
loads on a building are at a minimum. During these seasons, the wet bulb
temperatures are lovw enough to maintain evaporation in sufficient quantity
to provide condenser water cold enough to meet the internal loads of the
building. The analysis utilizes cooling tower performance data used to
determine the expected cooling tower water temperatures for a given wet
bulb temperature. It was recommended by plate heat exchanger sales
representative (for analysis purposes) to use a heat exchanger with a four
degree approach temperature because it is less expensive. It was assumed
that the building loads could be adequately met with chilled water supply
temperatures between 48 and 44 degrees F. In addition, the cooling tower
is assumed to cycle half the time for all those hours when the cooling
tower is less than 40 degrees F. The cooling tower will cycle off and on
to prevent the cooling tower from freezing. This bin hour calculation
determines the electrical savings resulting from shutting down the chiller

(partially loaded) and the cooling tower when it is possible to do so. The
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methodology used to calculate the savings is shown in "Standardized EMCS
Energy Savings Calculations", CR 82.030, September 1982. The use of Marley
and Mueller manufacturer's data does not constitute an endorsement of their
product but merely an actual representation of achievable performance

levels.

Variable Speed Pumping

This ECO analyzes the energy savings potential of installing variable speed
punping (accomplished with the installation of a variable frequency drive)
in place of the existing constant speed pumping. Included with the
installation of a variable speed drive is the replacement of all three-way
valves with two-way valves and a differential pressure control systen.
Electrical energy is saved when the amount of energy devoted to pumping
chilled water is varied as the cooling load on the building. It was
assumed that the pump speed is proportional to the building load. The
pover required to operate the pump varies as the cube of the speed.
Savings are determined by calculating the energy required for constant
spee¢ pumping and subtracting the energy necessary to operate the variable
speed pump. The methodology used to calculate the savings is shown in
ASHRAE Equipment 1983.

Two Speed Cooling Tower Fans

This ECO examines the energy savings resulting from replacing the constant
speed cooling tower fan motor with a two speed motor. Savings result from
the fan lav which states that the power required to operate a fan varies as
the cube of the fan speed. The methodology used to calculate the savings
is shown in "Heating, Ventilating and Air Conditioning", Parker and

McQuistone, 1982.

EXECUTIVE SUMMARY PAGE 7




3. RESULTS, CONCLUSIONS AND RECOMMENDATIONS

3.1 RESULTS

A complete listing of all Boiler ECO's and OMR's is provided in Table ES 1.
This is sorted by SIR. A similar 1ist for all Chiller ECOs and OMRs is shown in
Table ES 2, sorted according to SIR.

211 ECOs with SIRs greater than 1.0 were considered for project packaging.

3.2 CONCLUSIONS

Candidate ECOs for project packaging are show in Table ES 3 and ES 4.

Both tables are sorted by Boiler/Chiller number and descending SIR for each
boiler or chiller. PENATECH combined ECOs into projects to be implemented on a
per boiler/chiller basis. This strategy allows for projects with low
construction costs to be funded on a local level.

For a given boiler of chiller, some of the recommended ECOs were mutually
exclusive. An example of two mutually exclusive ECOs are "Preheat Combustion
Air™ and "Steel Feedwater Economizer". Both of these ECOs function to recover
waste heat from boiler exhaust gases. In a case where two ECOs indpendently
have SIRs greater than 1.0, but are mutually exclusive, BENATECH used good
engineering judgement to select the ECO yielding maximum energy savings.

Project synergy calculations between candidate boiler ECOs begins with the
average boiler load (MBTU). Each "Step" is explained below:

Step 1. Calculations start with the determiniation of the Annual Savings.

Annual savings are calculated in one of three ways:

a.) For ECOs where a nominal percentage reduction of energy
consumption is known, the annual savings are calculated as shown

below:

(% reduction)(average boiler load) = Annual Savings (MBTU/yr.)

Applicable ECOs: Turbulators
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b. ) In the cases where the expected boiler efficiency is used to

calculate the annual savings as shown below:

(average boiler load)[ 1 - (average boiler eff./expected boiler eff.)]
= Annual Savings (MBTU/yr.)

Applicable ECOs: Burner Replacement

c.) In the case of recommendation swher the consumption reduction is
calculated in the ECO, the annual savings equals the expected

consumption reduction.
Applicable ECOs: Summer Boiler, Boiler Tune-up

Second, the Annual Fuel Consumption is calculated by subtracting the
annual savings from the average boiler load.
Third, the Boiler Efficiency is recalculated using the following formula:

(average boiler efficiency)/[1-(annual savings/average boiler load)]

Step 2, Step 3. The calculations for these steps are performed iteratively

based on the number of analytical Steps in the project.

Per guidance received in the Prefinal Review Meeting, several ECOs
identified by BENATECH had alredady been implemented, are currently in progress,
or already have programming documentation in place. Given this information,
BENATECH prepared low cost/no cost project documentation for all remaining

reconmended ECOs.
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TABLE ES 1 - BOILER E(Ms EVALUATED SORTED BY SIR

E®

Bailer Tune-Up OMR
Boiler Tune-Up OMR
Bailer Tune-Up OMR
Boiler Tune-Up OMR
Bailer Tune-Up OMR
Boiler Tune-Up OMR
Badler Tune-Up OMR
Boiler Tune-Up OMR
Bailer Tune-Up OMR
Turbulatar Installation
Turbuilator Installation
Burner Replacement
Tuwhulatar Installation
Boiler Tune-Up OMR
Turbulatar Installation
Turbvlatar Installation
Oxygen Trim System
Boiler Tune-Up OMR
Tuwhilatar Installation
Twbilatar Installation
Burrer Replacemert
Downsize Boiler

Burrer Replacemert
Burner Replacement
Burrer Replacemert
Turbulatar Installation
Sumer Ballers
Turbilatar Installation
Downsize Boiler
Twbulatar Installation
Boiler Replacemernt
Burrer Replacenent
Turtulatar Installation
Burner Replacement
Burrer Replacemert
Oxygen Trim System
Burrer Replacemernt
Preheat Canbustion Air

Steel Feedwater Econmizer

Burner Replacement

Steel Feedwater Econcmizer

Damsize Boiler
Tuwbulatar Installation
Turbulatar Installation
Twbulatar Installation
Boiler Tune-Up OMR
Sumer Bailers

Burner Replacement
Preheat Combustion Air
Daunsize Boiler
Domsize Boiler

Burner Replacement

MBTUs Saved
Boiler Life Elec. Nat. Gas #2 0il Amual Cost

No. (YRS) MBIUs MBIUs MBIUs Savings Estimate SIR
4725 -3 15 57931 51,998 2,705 1341.68
3624 -4 10 34338 $149,372  $,705 518.52
4725 -2 15 21293 $02,626 2,705 495.49
3624 -3 10 8599 $37,407 $,705 124.60
4725 -1 15 1945 $8,460 2,706 36.27
3624 -1 10 2449 $10,655  $£,705 30.48
8977 ~1 10 1965 $8,548  $,705 23.08
115 =2 > 903 $3,927 $,705 21.18
8028 -2 > 520 §3,15  £,705 19.21
8028 -2 > 98 $579 $861 12.43
115 <2 o 120 $2  $,205 9.10
115 =2 5 977 $,2u8  $11,622  8.26
™79 -1 10 156 $679 $861 7.50
7105 <4 10 925 $,025  $,705 T.16
8874 -1 15 g $290 $18  6.82
7153 -1 5 82 $357 $287  5.64
8026 -2 > 83 5,041 $16,420 5,49
362L -2 10 748 $3,54  $£,705 bL.45
7105 -3 5 69 $300 $1,723  3.93
887L -2 15 28 $165 $18  3.90
7579 -1 10 858 $3,734  $10,319  3.u4
15 =2 .3 1,488 $6,475  $45,285  3.22
8977 -1 10 49 43,257 410,319 3.00
7105 -3 S 413 $1,795 $13,575  2.99
8874 -1 15 319  $1,882 $9,017 255
8977 -1 10 52 $226 861  2.50
115 =2 > 559 $£,030  £5,478 2.16
7105 -4 10 86 374 $,723  2.07
7105 -3 o] TT4 43,368  $40,907  1.86
8977 -2 10 38 $165 $861  1.83
115 =2 5 977 4,28 5,905 1.72
8874 -2 15 200 $1,182  $9,017  1.60
79 -2 10 33 $144 4861 1.59
TT70 =2 10 M5 $,406  $0,319  1.38
TT70 -1 10 384 $1,497  $10,319  1.38
115 =2 > 238 $1,037 $16,420  1.24
8977 -2 10 303 $1,317  $10,319 1.2
115 =2 > 580 £,523  $46,57 1.16
115 =2 o) 306 $1,331  §23,496  1.15
579 =2 10 283 $1,232  $10,319 1.1
7579 -1 10 607 $£,600 $0,862 1.12
7105 <4 10 1102 $4,792  $40,907 .12
8028 -1 10 39 £30  $1,73 112
TT70 =2 10 uy $191  $1,723  1.06
TT70 -1 10 uy $191  $1,723  1.06
7153 -1 5 705 $3,067 $,705 1.05
7291 -1 15 257 $1,118  $16,100  1.01
7105 -4 10 732 43,184  §30,026  1.01
8028 ~2 % 52 43,085 §53,996 1.00
TT70 -1 10 517 $,251 2,081 0.97
TT70 -2 10 517 2,251  ¢$22,041  0.97
8028 -1 10 192 $1,134  $10,319  0.92
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TABLE ES 1 - BOILER E(Ms EVALUATED SORTED BY SIR

MBTUs Saved Simple
Boiler Life Elec. Nat. Gas #2 0il Annual Cost Payback
ED No. (YRS) MBIUs MBIUs MBIUs Savings Estimate SIR  (Years)
. Steel Feedwater Economizer — 7105 -3 5 4 $1,105 4,773 0.88 22
Sumer Boilers 7855 -1 15 347 $1,512  $£5,478  0.86 17
Oxyeen Trim System 7105 -3 o) 172 $748  $16,420  0.84 2
Boiler Feedwater Econmmizer 7579 -1 10 1054 0,585  $1,720  0.81 11
Twhulator Installation 7105 -2 5 34 $148 4862 0.78 6
Twbulatar Installation 7105 -1 5 3 $148 $862 0.78 6
Bailer Replacemert 7579 -1 10 858 $3,734 5,285 0.78 12
Boiler Feedwater Econamizer 115 -2 > y72 $,053 68,185  0.T4 28
Bailer Tune-Up OMR 7105 -1 5 660 2,872 $,705 0.73 1
Stecl Feedwater Econamizer — 8028 -2 P 168 $993 $0,862 0.73 21
Sumer Bailers 575 -1 10 ] $1,917 $5,478 0.72 13
Preheat Cambustion Air 7579 -1 10 72U $3,149  $41,117  0.68 13
Burrer Replacemert 7153 ~1 5 346 $1,506  $10,319  0.66 7
Boiler Feedwater Econamizer 7105 =3 > u40 $1,914  $61,118  0.65 32
Oxygen Trim System 7579 -1 10 25 $1,285 $16,420  0.63 13
Sumer Boilers 8874 -1 15 140 827  $16,100 0.63 20
Oxyeen Trim System 8874 -1 15 174 $1,008  $16,420  0.62 16
Preheat Cambustion Air 7105 -3 o) 337 $1,466 48,8271  0.61 33
Burrer Replacemert 7105 -1 5 314 $1,365  $10,319  0.60 8
Burner Replacement 7105 =2 5 314 $1,365 $10,319  0.60 8
Variable-Speed Fans y725 -4 15 1518 $5,644  $86,064  0.59 15
Domsize Boiler 7105 -2 5 "7 $,122 $40,907 0.57 8
Downsize Baller 7105 -1 5 M7 6,122 $0,907  0.57 8
Boiler Feedvater Econcmizer 8028 -2 5 365 $,157 $7,883  0.54 31
Sumer Bailers TT70 -1 10 238 $1,033 $19,226  0.51 19
. Steel Feedvater Econcmizer 7105 - 10 373 $1,623 7,381  0.50 17
Preheat Combustion Air 8874 -1 15 265  $1,566 $35,978  0.46 3
Boiler Replacement 8874 -2 15 200  $1,182 $32,361 0.5 7
Oxygen Trim System 7105 -4 10 221 4963 $16,420 044 17
Boiler Feedwater Econamizer 8874 -1 15 311 $1,838  @§45,255  O.uh )
Steel Peedvater Econcmizer — 8874 -1 15 137 $810 $18,254 0.4 23
Variable-Speed Fans 4725 -3 15 1032 $3,837 $86,064  0.40 2
Variahle-Speed Fans 3624 -4 10 535 $1,980 434,75  0.40 17
Boiler Replacement 7105 <4 10 732 $3,184 417,646  0.39 24
Bailer Feedwater Econamizer 7105 -4 10 6U5 $,806 $67,883  0.37 2y
Domsize Boiler 7153 -1 5 592 2,578 $32,361  0.36 13
Variable-Speed Fans 362l -2 10 470 $,747 $M,75 0.3 20
Variable-Speed Fans Y725 -2 15 860 $3,197 $86,064  0.33 27
Steel Feedwater Econcmizer 8977 -1 10 212 o0  £0,862 0.33 3
Sumer Boilers 7153 -1 5 346 $,506 $2,353 0.31 15
Bailer Replacemert TT70 -1 10 3y $1,407  $45,285  0.31 30
Boiler Replacement TT70 -2 10 3y $1,497 $45,265  0.31 30
Preheat Combustion Air 7105 -4 10 431 $1,875 63,966  0.30 29
Oxyeen Trim System 8874 -2 15 100 $92  $16,420 0.29 28
Bailer Feedwater Econcmizer 8977 -1 10 367 $1,596 ¢$51,720  0.26 3P
Boiler Replacement 75719 -2 10 - 283 $1,232 5,285 0,26 37
Variable-Speed Fans 3624 -1 10 338 $1,56 $4,75 0.5 28
Preheat Combustion Air 8874 -2 15 152 $898 §35,978  0.24 40
Oxyeen Trim System 8028 -1 10 115 82  $16,420  0.23 2
Preheat Cambustion Air 8977 ~1 10 267 $1,161  $1,117 0.2 35
Variable-Speed Fans 3624 -3 10 299 $,12 84,75 0.2 31
Preheat Combustion Air 8028 -1 10 216 $1,217  $1,117  0.21 32
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TABLE ES 1 - BOILER E(Os EVALUATED SORTED BY SIR

MBTUs Saved Simple
Boiler Life FElec. Nat. Gas #2 0i1 Amual Cost Payback
E® No. (YRS) MBIUs MTWUs MTUs Savings Estimate SIR (Years)
Bailer Feedwater Econcmizer 8874 -2 15 168 $993 $5,255 0.2 46
Boiler Replacement 8028 -1 10 192 $1,13% 5,285 0.2 40
Oxygen Trim Systen 8977 ~1 10 125 U2 $16,420  0.20 30
Boiler Replacement 8977 ~1 10 49 43,257 $170,520  0.18 52
Steel Feedwater Economizer 7153 -1 5 194 484 $15,646 0.18 19
Steel Feedwater Econamizer — 7579 -2 10 133 $79 $0,862 0.17 36
Downsize Boiler 8977 -1 10 640 4,786 $164,058  0.16 59
Steel Feedwater Econamizer 8874 -2 15 g $437  $18,254  0.16 42
Bailer Replacemert 7153 -1 5 346 $1,506 $5,285  0.15 30
Boiler Feedwater Econamizer 7579 =2 10 230 $1,001 $1,70 0.15 52
Bailer Replacemert 7105 -1 5 314 $1,365 $45,285  0.14 33
Preheat Cambustion Air 8977 -2 10 180 $783 41,117 0.14 53
Bailer Replacement 7105 -2 5 314 $1,365 $45,285  0.14 33
Oxygen Trim System TT70 -2 10 99 $429  $16,420  0.14 3B
Oxygen Trim System TT70 =1 10 9 $420  $16,420 0.4 38
Preheat Cambustion Air 7153 -1 5 325 $1,418 1,117 0.13 29
Osygen Trim System T579 -2 10 93 $406  $16,420  0.12 40
Oxyeen Trim System 7153 -1 5 155 $676 $16,420  0.12 24
Bailer Feedwater Economizer 8028 -1 10 158 $038 1,720 0.1 55
Boiler Feedwater Econamizer 7153 -1 5 341 $1,483 $1,720 0.1 35
Preheat Combustion Air TT70 =1 10 179 $T79 $51,396 0.1 66
Preheat Cambustion Air TT70 -2 10 179 $79  $51,396 0.1 66
Preheat Combustion Air 7579 =2 10 145 $631  $1,117  0.10 65
Oxyegen Trim System 8977 -2 10 83 $363 $16,420  0.10 45
Downsize Bailer 8977 -2 10 361 $1,569 $164,058 0.09 105
Stecl Feedwater Econcmizer 8028 -1 10 82 $85 $27,381  0.08 57
‘ Stecl Feedvater Econcmizer — TT70 -2 10 %0 $392 6,077 0.07 67
Boiler Feedwater Econamizer TT70 -2 10 158 $687 $64,650  0.07 gl
Steel Feedwater Econcmizer 7770 -1 10 9Q $3092  $6,077  0.07 67
Boiler Reflacement 8977 -2 10 303 $1,317 $170,520 0.07 130
Baller Feedwater Econcmizer 7770 -1 10 158 $687  §64,650  0.07 ol
Boiler Feedwater Econamizer 7105 -2 5 184 800 $51,720 0.05 64
Baller Feedwater Econmizer 7105 -1 5 183 $796 81,720  0.05 65
Variahle-Speed Fans 4725 -1 15 138 $513 486,064 0.05 168
Steel Feediater Economizer 7105 -1 5 105 $457  $20,862  0.05 46
Steel Feedmter Econarizer 7105 -2 5 106 $461  $0,862  0.05 15
Preheat Combustion Air 7105 -1 5 M $613  $1,117  0.04 67
Preheat Cambustion Air 7105 =2 5 L] $613  $1,117  0.04 67
Oxygen Trim System 7105 -1 5 76 $320  $16,420  0.03 50
Oxygen Trim System 7105 =2 5 76 $329 $16,420 0.03 50
Bailer Tune-Up OMR 8874 -1 15 33 $197 $£,705 -8.20 1
Boiler Tune-Up OMR 7105 -3 oo} 102 $U3 2,705 -7.91 6
Bailer Tune-Up OMR 8977 -2 10 45 $196  $2,705 . -6.31 14
Boiler Tune-Up OMR 8028 -1 10 151 895 $£,705 <5.51 3
Baller Tune-Up OMR 578 -2 10 103 8 $2,705 -5.42 6
Boiler Tune-Up OMR 8874 -2 15 245 $1,M47 2,705 -2.54 2
Bailer Tune-Up OMR TT70 -2 10 307 $1,336 $,705 -2.30 2
Boiler Tune-Up OMR 7105 =2 5 288 $1,%2 £,75 -1.99 2
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TABLE ES 2 - CHILLER EQs SORTED BY SIR

Simple
Chiller Life Elec. Armual Cost Paytack

EM's PERFORMED TONS  No. (frs) MPIUs Savings Estimate SIR (Years)

CHILLER SHUTDOWN 40 4u88-2 15 12396  $46,088 $1,496 277.22 0.03
(HILLER SHUTDOWN 373 52501 10 15600  $68,001 $1,496 271.61 0.03
(HILLER SHUTTOWN 160  T7120-1 2 5170  $19,222 $1,496 133.20 0.08

h8l-1 10 3206 $11,920 $1,496 71.70 0.13
3220-1 10 3961 414,727 $1,1496 68.96 0.10
5400-1 20 33 $1,276 $329 bo.21
(HILLED WATER TEMPERATURE RESET 3305-1 10 29 #0650 $329 18.13
(HILLED WATER TEMPERATURE RESET 4488-2 15 162 $603 $329 16.47

CHILLER SHUTDOWN 200
5
660
670
)
CHILLED WATER TEMPERATURE RESET 25  3220-1 10 135 $603 $329 10.70
250
373
373
200
160

CHILLER SHUTDOWN
CHILLED WATER TEMPERATURE RESET

AU T a0 -JW~ITVUTWUIUTUVTE aUTIWW 0 ma @ a~J O W~I~1TNJ~JO0OWOW AW 2 =2~1-0-3~3U1 &W

(HILLED WATER TEMPERATURE RESET 5681-2 10 133 $196 $329 10.53
CHILLED WATER TEMPERATURE RESET 5250~-2 5 132 $H92 $329 10.45
CHILLED WATER TEMPERATURE RESET 5250-1 10 132 $Ho2 $329 10.45

(HILLED WATER TEMPERATURE RESET g1 10 81 $301 $3290 8.24

CQUILLED WATER TEMPERATURE RESET 7120-1 20 68 $o54 $329 7.97

(BILLED WATER TEMPERATURE RESET 155 5681-1 10 83 $307 $329 6.57

(HILLED WATER TEMPFRATURE RESET 180 TT70-1 10 70 $062 $329

(HILLED WATER TEMPERATURE RESET 155 5681-3 10 55 $205 $329 . .

WATERSITE ECONOMIZER 247 4500-1 20 253  $10,979 $31,696 .

WATERSITE ECONOMIZER 660  5400-1 20 3215  $11,953  $81,131 .

TWO SFEED COCLTG TOWER FAN - 2 200 34851 20 110 $410 $3, 156 .

TWO SPEED COCLING TOWER FAN - 2 130 109-1 15 110 #4110 $3, 156

WATERSITE ECONOMIZER 180 TT70-1 10 1247 $,637 30,408 . .

TWO SFEED COCLING TOWER FAN - 2 225 3220-1 10 110 $410 $3, 156

VARIARLE SFEED FUMPIIG 25 3220-1 10 874 $3,250  $uh,612 .

WO SPEED COCLING TOWER FAN - 2 180  TT70-1 10 e $73 $,800

WATERSITE ECCONOMIZER 670 33051 10 1895 $7,086  $74,707 .
.mmsm: ECONOMIZER 204 4505-1 10 813 $3,022  $33,132 .

VARIARLE SPEED FUMPING 200  3485-1 20 586 2,178 §32,462 .

VARIABLE SFFED PUMPING 155  5681-1 10 1904 $7,080  $118,325 .

TWO SFEED COCLING TOWER FAN - 1 200 34851 2 b2 $157 $3, 156

TWO SPEED COCLING TOWER FAN - 1 130 109-1 15 42 $157 $3,156

VO SFEED COCLING TOWER FAN - 2 2u7  4500-1 20 37 $137 $3,156

WATERSITE ECONOMIZER 40 4488-1 10 7% $,606 456,074

AJTOMATIC (HILLER TUBE (LEANTIG SYSTEM 660  5400-1 20 369 $1,3713 $5,092
AUTOMITIC (HILLER TUBE (LEANING SYSTEM 660  5400-2 0 369 $1,373 $5,002

O OO 0P O OO PO OO OO0 OO 000D OOOO R PR WEY
BRRBBERRNBUARKERBSSSTFFRNIACZRIZTRIIIVIIYRE

8&5&55{383%83%388588_3?0?5?5{}3.8?333:85@710\71~1o\m—s.—n.—-:-a.-aoopo.o.op

WATERSIIE ECCNOMIZER 160 7120-1 20 297 $1,104  $30,408
WO SFEED COCLING TOWER FAN - 1 25  3220-1 10 y2 $157 $3, 156 .
TWO SFEED COCLING TOWER FAN - 2 204 4505-1 10 37 $137 $, 800 .
MJTOMTIC CHILLER TUBE (LEANING SYSTEM 670 3305-2 10 370 $1,376  $5,463 . .
VARIZELE SFEED FUMPIIC 200 448h-1 10 274 $1,020  $31,133 . .
AUTOMITIC CHILLER TUBE CLEANING SYSTEM 670  3305-1 10 370 $1,376  §5,463 . .
AJTOMATIC (HILLER TUEBE (LEANTIG SYSTEM 200  3485-1 2 131 $87  $13,789 .
AJTOMITIC CHILLER TUBE (LEANING SYSTEM 160  7120-1 20 110 11 $11,709 . .
WO SFEED COCLIIG TOWER FAN - 1 180  TT70-1 10 28 $105 $,800 . .
IUTOM\TIC CHILLER TUBE (LEANING SYSTEM 200  4484-1 10 131 $487  $13,789 . .
WATERSTIE ECCNOMIZER 130  109-1 15 212 $786  $30,408 .
MJTOMAITIC CHILLER TUBE (LEANING SYSTEM 247  4500-1 20 138 $613  $16,336 .
AUTOMATIC CHILLER TUBE (LEANDIG SYSTEM 130 109-1 15 85 $316 9,514 .
AJTOMITIC CHILLER TUBE (LEANING SYSIEM 373  5250-1 10 214 $796  $21,006 .
AUTOMATIC (HILLER TUBE CLEANTIG SYSTEM 373 5250-2 5 214 $796  $21,006 0.20 .
VIATERSTIE ECONOMIZER 200 3485-1 20 154 571 431,856 0.19 .
.pmol\mc BILER TUEE (LEANTIG SYSTEM 225 3220-1 10 146 41 $14,881 0.19 .
ATTOMITIC CHILLER TUBE (LEANING SYSTEM 180  7770-1 10 114 o $13,173 0.17 .
TWO SFEED COCLING TOWER FAN - 1 247 4500-1 20 14 462 $3, 156 0.17 .
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TABLE ES 2 - CHILLER EMs SORTED BY SIR

Simple
Chiller Life Elec. Annual Cost Payback

E®'s PERFORMED TNS  No. (¥rs) MBIUs Savings Estimate SIR (Years)
AUTOMMTIC CHILLER TUBE (LEANING SYSTEM 204  4505-1 10 17 $35  $13,T77 0.16 31.7
AUTOMATIC CHILLER TUEBE (LEANIIG SYSTEM 155 56811 10 89 $831  $11,343 0.15 3.3
AJTOMITIC CHILLER TUBE (LEANING SYSTEM 155 5681-3 10 8 $331  $10,906 0.15 32,9
AJTOMATIC CHILLER TUBE (LEANING SYSTEM 250 5681-2 10 14y $534  $16,531 0.14 31.0
TWO SFEED COCLING TOWER FAN - 1 204 4505-1 10 3% $62 $,800 0.13 53.8
WATERSITE ECONOMIZER 25  3220-1 10 142 628  $32,011 0.12 60.6
AUTOMATIC CHILLER TUBE (LEANING SYSTEM 200  5400-3 5 15 27 $13,789 0.1 32.3
CENTRIFUGAL CHILLER REFLACEMENT 373  5250-2 5 405 $1,506  $113,074 0.05 75.1
WATERSIIE ECONOMIZER 373 5250-1 10 7 86  $49,612 0.04 173.5
WATER TREATMENT / FILL REFLACEMENT 130 1091 15 24 $88  $14,150 -1.73  160.8
CONTENSER TUBE (LEANTNG 373  550-2 5 428 $1,591 $5,412 -2.87 3.1
OONDENSER TUBE LEANTNG 200 5400-3 5 230 $855 2,902 -2.87 3.4
WATFR TREATMENT / FILL REFLACEMENT 180  7T70-1 10 35 $131 $8,782 -2.9 67.0
WATER TREATMENT / FILL REFLACEMENT 204 4505-1 10 36 $134 9,765 -3.06 72.9
WATER TREATMENT / FILL REFLACEMNT 25  3220-1 10 45 $167  $10,263 -3.20 61.5
WATER TREATMENT / FILL REFLACEMENT 4o 4u88-1 10 78 4290  $18,380 -3.51 63.4
WATFR TREATMENT / FILL REFLACEVENT 373 5250-1 10 66 U5 $15,153 -3.60 61.8
VATER TREATMENT / FILL REFLACEMENT 670 3305~1 10 114 125 U, 057 -3.94 58.7
WATFR TREATMENT / FILL REFLACEMENT 670  3305-2 10 14 $425  ¢el,957 -3.94 58.7
WATER TREATMNT / FILL REFLACEMENT 247 45001 20 yy $163  $13,796 -3.96 8.6
WATER TREATMENT / FILL REFLACEMENT 160  7120-1 20 U $126 $8,307 4,23 65.9
WATER TREATMNT / FILL REFLACEMENT 440 4488-2 15 81 $301  $18,380 -li,55 61.1
CONTENSER TUBE (LEANTG 25  3220-1 10 291 $1,082 $3,265 k.67 3.0
CONDENSER TUEE (LEANING 180  TT70-1 10 228 $848 ,612 4,72 3.1
CONDENSER TUBE (LEANING 155  5681-1 10 178 $662 &, 249 -4.93 3.4
CONDENSER TUBE (LEANTIG 20 5681-2 10 287 $1,067 $3,627 -4.93 3.4
.cmmxm TUBE CLEANING 155 5681-3 10 178 $662 0,219 -4.93 3.4
CONTRISER TUBE (LEANING 440 4488-1 10 505 $1,878 $6, 364 U, 94 3.4
CONTENSER TUBE (LEANTNG 373 5250-1 10 428 $1,591 $5, 4127 u04 3.4
OONDEESER TUBE QLEANTIG 204 4505-1 10 234 $870 $,960 4,04 3.4
CONTENSER TUBE (LEANING 670 3305-2 10 740 2,751 $9,721 -5.01 3.5
CONDENSER TUBE (LEANTNG 670  3305-1 10 740 2,751 9,721 -5.01 3.5
VATFR TREATMNT / FILL REFLACEMNT 200 34851 20 o $149 8,259 -5.33 55.4
WATER TREATMNT / FILL REFLACEMENT 660  5400-1 20 114 $uoh 424,719 -5.91 58.3
WATFR TREATMENT / FILL REFLACEMENT 660 5400-2 20 114 $424  $o4,676 5.92 58.2
COTENSER TUBE (LEANING 200 4484-1 10 262 $o74 2,902 -6.06 3.0
CONIENSER TUBE (LEANING 440 4488-2 15 524 $1,048 $6, 384 -6.33 3.3
CONTEISER TUBE (LEANTIG 130 109-1 15 153 4569 $1,886 ~6.36 2.3
CONTENSER TUBE CLEANING 160 7120-1 20 221 §822 2,322 -6.88 2.8
CONDENSER TUBE (LEANTNG 200 3485-1 20 262 $o74 $,902 ~7.07 3.0
COWDENSER TUBE (LEANING 247 4500-1 20 276 $1,026 43,584 -7.58 3.5
CONDRISER TUBE QLEANING 660  5400-1 20 739 $2,7u8 40,576 -7.58 2.5
CONTENSER TUBE (LEANDG 660  5400-2 20 737 2, U0 $9,576 -7.58 3.5
SiM DRIVEN VS. ELEC. DRIVEN C(HILLERS 225 3220~1 10 4650 $2,028  $188,975 NA 93.2
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ECO

MBTUs Saved Simple
Boiler Econmic Elec. MNat. Gas #2 01  Anmual Cost Payback
No. 1life MBIUs MBIUs MBIUs Savings Estimte SIR  (Years)

% Boiler Tune-Up OMR
Twrbulator Installation
## Bumer Replacement
## Boiler Downsizing
Steel Econcmizer
Sumer Boiler
# Boiler Replacement
Oxygen Trim System
Preheat Cambustion Air
# Boiler Tune-Up OMR
% Boiler Tune-Up OMR
% Boiler Tune-Up OMR
% Boiler Tune-Up OMR
% Boiler Tune-Up OMR
& Boiler Tune-Up OMR
¥ Boiler Tune-Up OMR
Turbulator Installation
Burner Replacement
Boiler Downsizing
##% Boiler Tune-Up OMR
## Turbulatar Installation
#%* Bojler Downsizing
#%% Bumer Replacement
Turbulator Installation
# Boiler Tune-Up OMR
Sumer Boiler
Turbulator Installation
Burrer Replacement
Steel Economizer
Turbulator Installation
Burner Replacement
¥ Byrer Replacement
Turbulator Installation
##% Byrrer Replacement
Turbulator Installation
Turbulator Installation
% Boiler Tune~-Up OMR
Turbulator Installation
Oxygen Trim System
Preheat Combustion Air
Turbulator Installation
Burrer Replacement
Turbulator Installation
Burrer Replacement
# Boiler Tune-Up OMR
Burrer Replacement
Turbulator Installation
Turbulator Installation
Burner Replacement

# Package in place (work to be campleted in surmer 1987)

% York completed

#% Discontimed - new system in place

#%%% Boiler rehabilitation package # 1 (work in progress)

1152 o) 903 $3,927 $£,705 21.18  0.69
115-2 o) 120 $522 $1,295 9.10 2,50
115-2 P 977 $4,248  $11,62 8.2 2.70
115-2 > 1488 $6,475  $45,285 3.23 7.00
115-2 > 306 $1,333  &3,49% 1.15  18.00
115-2 5 559 $2,430  $25,478 2.16  10.50
115-2 s 977 $4,248  $55,905 .72  13.20
115-2 > 238 $1,037  $16,420 1.24  16.00
115-2 > 580 2,523  $46,257 1.16  18.00
3624-1 10 2l $10,655 $2,705  30.u8 0.25
%242 10 T48 $3,254 $2,705 4.5 0.83
3624-3 10 8599 $37,407 $2,705 124.60 0.07
36241 10 34338 $149,372 $2,705 518,52  0.02
4725-1 15 1945 $8,460 $2,705  36.27 0.32
§725-2 15 21293 $92,626 $2,705 495.49 0.03
4725-3 15 57931 $251,998 $2,705 1341.68 0.01
T7105=3 5 69 $300 $1,723 3.93 5.70
T105-3 5 413 $1,79%5  $13,5T5 2.9 7.60
7105-3 5 TT4 $3,368  $40,907 1.86  12.10
7105-4 10 925 $4,025 $2,705 7.16 0.67
7105-4 10 86 $374 $1,723 2.07 4,60
71054 10 1102 $4,792  $40,907 1.12 8.50
7105-4 10 732 $3,184  $30,026 1.01 9.40
7153~1 5 82 $357 $287 5.64 0.80
7153~1 5 705 $3,067 $2,705 1.05 0.88
7291-1 15 7 $1,118  $16,100 1.01 1440
75791 10 156 $679 $861 7.50 1.27
7579~1 10 858 $3,734  $10,319 3.4 2.80
7579-1 10 607 $,640 $20,862 1.12 6.00
T579-2 10 33 $144 $861 1.59 6.00
T579-2 10 283 $1,232  $10,319 1.14 8.40
TT70-1 10 344 $1,497  $10,319 1.38 6.90
TT70-1 10 by $191 $1,73 1.06 9.00
TT70=2 10 345 $1,409  $10,319 1.38 6.90
TT70-2 10 uy $191 $1,73 1.06 9.00
8028-1 10 39 $230 $1,73 .12 7.48
8028-2 5 529  $3,125 $2,705  19.21 0.87
8028-2 > 98 $579 $1,73 6.21 2.98
8282 25 219 $1,640  $16,420  1.67 9.9
8028-2 P 52  $3,085  $53,996 1.00  18.00
8874-1 15 4g $290 $518 6.82 1.79
8874-1 15 319 $1,882 $9,017 2.55 4,80
887U-2 15 28 $165 $18 3.9 3.13
8874-2 15 200 $1,182 $9,017 1.60 7.60
8977-1 10 749 $3,257  $10,319 3.00 3.20
8977-1 10 52 $226 $861 2.50 3.81
8977-2 10 38 $165 $861 1.83 5.21
8977-2 10 303 $1,317  $10,319 1.2 7.8
} Per guidance through letter dated May 18, 1987,
} fram Keith Kirkly for Paul W. Hancock, Director
} of Engireering ard Housing, to Norm Meinert of
} Bematech, Imc.
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TAELE ES }4 - CHILLER BOOs WITH SIR > 1 (SORTED BY BUILDING)

ECO's PERFORMED

Elec.
Chiller Life MBIUs Ammel Cost
TONS No. (YRS.) Savings Savings Estimate

SIR

Simple
Payback
(Years)

TWO SPEED COOLING TOWER FAN - 2
CHILLER SHITDOWN
CHILLED WATER TEMPERATURE RESET
% CHILLED WATER TEMPERATURE RESET
TWO SPEED COCLING TOWER FAN - 2
CHILLER SHUTDOWN
CHILLED WATER TEMPERATURE RESET
CHILLER SHUTDOWN
# CHILLED WATER TEMPERATURE RESET
WATERSITE ECONOMIZER
CHILLER SHUTDOWN
# CHILLFD WATER TEMPERATURE RESET
¥ CHILLED WATER TEMPERATURE RESET
CHILLED WATER TEMPERATURE RESET
WATERSIDE ECONOMIZER
CHILLED WATER TEMPERATURE RESET
CHILLED WATER TEMPERATURE RESET
CHILLED WATER TEMPERATURE RESET
CHILLER SHUTDOWN
CHILLED WATER TEMPERATURE RESET
CHILLED WATER TEMPERATURE RESET
WATERSIDE ECONOMIZER

# Work to be accomplished in FY88 per guidance of letter dated May 13, 1987, from Keith Kirkl
Paul W. Hancock, Director of Engineering and Housing, to Norm Meinert of Bematech, Inc.

130 109-1 15 110 $110 43,156
225 3220-1 10 3961 $14,727  $1,496
25 3220-1 10 135 $503 $329
670 3305-1 10 229 $850 $329
200 3W-1 20 110 $410 $3,156
200 448411 10 3206  $11,920 $1,496
200 4841 10 81 $301 $329
o uu88-2 15 12396 $46,088  $1,496
4o uu88-2 15 162 $603 $329
247 4500-1 0 253  $10,979 $31,696
373 5250-1 10 15600  $58,001 $1,496
373 5250-1 10 132 $492 $329
373 52502 5 132 $u02 $329
660 5400-1 20 343 $1,276 $329
660 5400-1 20 3215 $11,953 $81,131
15 5681-1 10 83 $307 $329
0 5681-2 10 133 $496 $329
155 5681-3 10 55 $205 $329
160 T120-1 20 5170  $19,222  $1,496 1
160 T7T120-1 20 68 54 $329
180 77701 10 70 $262 $329
180 TT70-1 10 1247 $4,637 $30,408
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3.3 RECOMMENDATIONS

Once all the ECOs which offered project potential were isolated, the

synergistic effects of each combination were evaluated. The results of the

iterative analysis are the No cost/Low Cost Projects. There are four projects

as described below.

1‘

Boiler Optimization

These projects are on a per-boiler basis. They include all ECOs
per respective boiler, with SIRs greater than 1.0, that are not
already being implemented and are not mutually exclusive with

other ECOs for the same boiler.

Chiller Optimization

These projects are on a per-chiller basis and include ECOs for
the respective chiller with SIRs greater thap 1.0. ECOs included
in optimization projects are chilled water reset and chiller
shutdown if they already are not implemented. The term
optimization describes chiller operation and obtaining the

appropriate amount of refrigeration affect when it is necessary.

Chiller Economizer

These projects are on a per-chiller basis and include ECOs for
the respective chiller with SIRs greater than 1.0. ECOs included
in optimization projects are water side economizer and two-speed
cooling tower unless they have already been implemented. The
tern economizer refers to the condenser water side of the chilled

water system.

Complete Chiller Optimization

These projects are on a per-chiller basis and include ECOs for
the respective chiller with SIRs greater than 1.0. ECOs included
in complete optimization projects include chilled water reset,
condenser tube cleaning, automatic chiller tube cleaner, water
treatment /fill replacement, water side economizer, variable speed
punping, two=-speed cooling tower and chiller shutdown. The term
econonizer refers to all projects which will enhance the

performance of the chiller.
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The results of the Boiler and Chiller study are shown in Table ES 5. Table
ES 6 is a summary of boiler projects by type of project. Table ES 7 is a
summary of chiller projects sorted by building number. Graphs ES 1 and ES 2
depict current boiler plant fuel consumption compared with the reduced energy
consumption should all boiler projects be implemented. Graphs ES 3 through ES 5
show the energy savings from the Chiller Projects, broken down by type and by
building number. Graph ES 6, shows energy savings by fuel type for both

Boiler and Chiller Projects.
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BOILER TOTALS

CHILLER TOTALS

STUDY TOTALS

TAHLE ES 5 - SIMMARY OF PROJECTS

ANNUAL, SAVINGS e Simple
ELECTRIC NAT GAS # OIL Anmaal Cost Payback
(MBIUs) (MBTUs) (MBTUs) $$ Estimate (Years)

0 4,81 1,636 $30,636 $£31,%57 T.57
48,820 0 0 $181,178 $159,659  0.88

b8,820 4,821 1,636 11,814 $391,616 1.8
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TAHLE ES 6 - SUMARY OF BOILER PROJECTS BY BUILDING

e SAVINGS  ceerenm Simple
Boiler  Life NAT GAS #2 0L  Anmel Cost Payback
PROJECT TITLE No. (YRS) (MBIUs) (MBIUs) Savings Estimate SIR  (Years)
BOILER OPTIMIZATION 115-2 > 1466 $6,375  $59,174 2,38 9.28
BOILER OPTIMIZATION 7105-3 > ur7 2,076 $15,298 3.06 7.37
BOILER OPTIMIZATTION 7153-1 5 & $357 $287 5.65 0.8
BOILER OFTIMIZATION 7291 15 >1 $1,118  $16,100 1.01 1440
BOILER OPTIMIZATION T579-1 10 1006 4,377 $11,180 .73 2.5
BOILER OPTIMIZATION 7579-2 10 314 $1,365  $11,18 .16 8.19
BOILER OPTIMIZATION TT70-1 10 uy $190 $1,73 .05 9.07
BOILER OPTIMIZATION TT70-2 10 uy $190 $1,73 1.056  9.07
BOILER OPTIMIZATION 8028-1 10 39 $32 $1,723 1,12 T.43
BOILER OPTIMIZATION 8028-2 > 1006 $5,047  $72,139 1.4 12.13
BOILER OPTIMIZATION 88741 15 365  $2,154 $9,535 2,76 443
BOILER OPTTIMIZATION 8874-2 15 26  $1,336 $9,535 .71  T.14
BOILER OPTIMIZATION 8897-1 10 94 $3,52  $11,180 2,94 3.24
BOILER OPTIMIZATION 8897-2 10 337 $1,867  $11,180 1.5 T.62
TOTALS: 14821 1636  $30,636 $231,957 T.57
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TAHLE ES 7 = SUMMARY OF CHILLER PROJECTS BY BUILDING

Elec. Simple

Chiller Life MBIUs  Anual Cost Payback

PROJECT TITLE TONS No. (YRS) Savings Savings Estimate SIR  (Years)
CHILLER ECONCMIZER 130 1091 15 110 $409 $3,156 1.7 T.72
CHILLER OPTIMIZATION 225 3220-1 10 4096  $15,229 $1,85 58,46 0,12
CHILLER ECONCMIZER 200 3485-1 20 110 $410 $3,156 1.35 T7.70
CHILLER OPTIMIZATION 200 44841 10 287 $12,221 $1,85 60,26 0.15
CHILLER OPTIMIZATION 440 4488-2 15 1239%  $46,088 $1,496 277.22  0.03
CHILLER BCONOMIZER 24T  4500-1 20 2963 $10,979  $31,69% 3.59 2.8
CHILLFR OPTIMIZATION 373 5250-1 10 15600 $58,001 $1,406 271.61  0.03
CCMPLETE CHILLER OPTIMIZATION 660 5400-1 20 3387 $12,593  $81,460 1,60 6,47
CHILLER OPTIMIZATION 155 5681=1 10 8 $309 $329 6.57 1.06
CHILLER OPTIMIZATION 50 5681-2 10 133 $uo4 $329 10.53  0.67
CHILLER OPTIMIZATION 155 5681-3 10 55 $o0y $329 4,35  1.61
CHILLER OPTIMIZATION 160 T7120=1 20 5328 $19,475 $1,85 110,70  0.09

COMPLETE CHILLER OPTIMIZATION 180 TT770-1 10 128  $,766  $30,737 1.09 6.5

TOTALS: 4880 $181,178 $159,659 0.88

o e s ot o et e e ot o o e -
p————=1 ——am— sSS|===s _—
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BOILER PROJECTS — ENERGY SAVINGS
Redstone Arsenal, Huntsville, Alabama
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PROJECTS — ENERGY SAVINGS

Redstone Arsenal, Huntsville, Alabama
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CHILLER PROJECTS SAVINGS

Redstone Arsenal, Huntsville, Alabama
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5 CHILLER SAVINGS BY BUILDING

CHILLER PROJECTS SAVINGS
Redstone Arsenal, Huntsville, Alabama

GRAPH ES

/

N\

/
NNNNNNN

NN

Ll

': ANAAARRAANRRNRREEAANNNNNNS

7

NN

A
ANARAAEEHEEEEEN.SS

v
NN\

=)
©

I
Q
2]

[ T |
=) =) Q
A ™ N

(spuosnovyy)

SONIAVS LINN

EXECUTIVE SUMMARY PAGE 26

NN

™~

3220—1 4484—1 4488-—-2 4500—1 5250—1 5400—1 7120—-1 7770—-1

KN MBTU SAVINGS

[7Z] DOLLAR SAVINGS




TI0 TANA 2# 7]

SONIAVS dATITIHO
_

SV9 TVvNALVN N\

]

IIMLIATH

SONIAVS dATIOH

9£9/

0 0

Lc8r

0

QSzﬂ%m‘m@VNZQRMQQWN .,ww&mwm@&mwb NV SqATIOH

ddAL "THOd AH SONIAVS ADHUNA

ddAL TINA A9 SONIAVS AOWANT 9 SH HAVYD

0!

oc

o0&

or

0g

(2]

(spupsnoy,)
qA/ LN

PAGE 27

EXECUTIVE SUMMARY,




I EDEIX

1 Yol ECO  RESOLTS COST EST  ECIP TEST  TABLE
1

ECO Title B/C ¥-1 t  App Page  Page Page Page Page Page

AUTONATIC CHILLER TUBE CLEANING STSTEM 108
AUTONATIC CHILLER TUBE CLEANING SYSTEM 3220
AUTOMATIC CHILLER TUBE CLEANING SYSTEM 3305
AUTOXATIC CHILLER TUBE CLEANING SYSTEN 3305
AUTOATIC CHILLER TUBE CLEANING SYSTEN 3489
AUTONATIC CRILLER TUBE CLEANING SYSTEN 4484
AUTOMATIC CHILLER TUBE CLEANING SYSTEM 4500
AUTOMATIC CHILLER TUBE CLEANING SYSTEM 4505
AUTOMATIC CHILLER TUBE CLEANING SYSTEM 5250
ADTOMATIC CHILLER TUBE CLEANING SYSTEM 5250
AUTOMATIC CHILLER TUBE CLEANING SYSTEN 5400
AUTOMATIC CEILLER TUBE CLEANING SYSTEM 5400
AUTONATIC CHILLER TUBE CLEANING SYSTEM 5400
AUTOMATIC CHILLER TOBE CLEANING SYSTEM 5681
AUTOMATIC CHILLER TUBE CLEANING SYSTEM 5681
AUTOMATIC CHILLER TOUBE CLEANING SYSTEM 5681
AUTOMATIC CHILLER TUBE CLEARING SYSTEM 7120
AUTONATIC CHILLER YUBE CLEANING SYSTEM 7770

VIIT- D 103,104 82 105,106 107
VIIT - D 166,100 82 110,111 112
VIIT- D 113,14 82 115,116 17
VIIT - D 118,118 82 120,121 122
VIIT - D 123,124 82 125,126 127
VIII - D 128,129 82 130,131 132
VIIT - D 138,139 82 140,141 142
VIII - D 133,134 82 135,136 137
VIIT- D 143,144 82 145,146 17
VIIT - D 148,148 82 150,151 152
VIIT - D 153,154 82 155,156 157
VIIT - D 158,158 82 160,161 162
VIIT - D 163,164 82 165,166 167
VIII - D 168,163 82 170,171 172
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BACKGROUND Bx} I - 1
BOILER AND CHILLER CONTROL SYSTENS y I -3 4
BOILER AND CHILLER OPERATION AND MAINTENANCK v I -3 L
BOILER FEEDWATER ECONONIZER 15 27 V1 -G 460-462 458 463 464 459
BOILER PEEDWATER ECONOMIZER T105 1) VI -G 465-467 458 468 469 459
BOILER FEEDWATER ECONONIZER 7105 &) VI -C 480-482 458 483 484 49
BOILKR FREDWATER BCONOMIZER 7105 3§ VI -C 475-477 458 478 479 439
BOILER FKEDRATER ECONONIZER M5 27 VI -C 470-472 438 LYK 14 59
BOILER FEEDWATER ECONOMIZER 7153 1) VI -G 485-487 438 88 489 59
BOILER FEEDKATER ECONOMIZER 7879 23 VI -C  405-497 458 498 499 459
BOILER FEEDWATER ECONOMIZER 579 1) VI -C  490-492 458 493 494 459
BOILER FEEDRATER ECONOMIZER M0 2} VI -G 505-507 488 308 $09 459
BOTLER FEEDWATER ECONOKIZER 0 17 VI -C  500-502 458 503 S04 459
BOILER FEEDWATER ECONONIZER 8028 21 VI -C 515-517 458 518 $19 LR
BOILER FEEDWATER ECONOKIZER 8028 1} VI -C 510-512 438 13 L 9
BOILER FEEDWATER ECONONIZER 874 1) VI -C 520-522 458 523 s 49
BOILER FEEDWATER ECONOMIZER 8874 2 ) VI - C 525-521 458 528 529 49
BOILER FEEDWATER ECOROMIZER 8977 1) VI - C 530-532 458 LXK X L
BOILER OPTIMIZATION 1y 27 Iv - B A 1 1
BOILER OPTINIZATION 7105 37 IV - B 9 1 14
BOILER OPTINIZATION 3 14 IV -8B 16 1 20
BOILER OPTINIZATION 729t ) IV -8B 2 1 28
BOILER OPTINIZATION W19 17 IV -8B 28 1 3
BOILER OPTIMIZATION %19 27 IV -8B 3 1 39
BOILER OPTIMIZATION Mo 13 Iv -8B i 1 $
BOILER OPTIMIZATIOR M0 23 IV -8B 4 1 |
BOILER OPTIMIZATION 8028 1) IV - B 3 1 §1
BOILER OPTINIZATION g0 2 IV -8B 59 1 64
BOILER OPTIMIZATION 8874 1) IV - B 66 1 10
BOILER OPTINIZATIOR 8874 23 IV - B 1A 1 78
BOILER OPTIMIZATION 8977 1, IV - B 18 1 82
BOILER OPTINIZATION 8977 2 IV - B 84 1 87
BOILER TESTING 1 2 I -F 31-56 57,58
BOILER TESTING 3624 2} I -F 51-56 61,62
BOILER TESTING 24 4] X - F 51-36 65,66
BOILER TESTING 3624 1} II -F 91-56 99,60




I ¥DEI

| ' Yol BCO  RESULTS COST BST BCIP YRS
....... ECO Title B/C 88! & App Page  Page Page Page Page T;Egz
BOTLER TRSTING TR T A Y I T I B
BOILER TESTING 47§§ g ﬁ g gigg 10
BOTLER TRSTING 5 1! a0 -F 51-56 o
BOTLER TESTING % 3 -8 51-56 "wn
BOILER TRSTING 05 10 A1 - 51-56 o
BOILER TESTING M5 3! 0 - ¢ 51-56 s
BOILER TESTING 105 20 A0 - 51-56 e
BOILER TESTING 5 4! I - F 51-56 W
BOILER TRSTING 53 1) 00 -8 51-56 e
BOILER TESTING 191 11 A1 - F 51-56 e
BOILER TESTING 1791 9% 11 - bt
VXL - F 51-56
BOILER TESTING 59 20 X1 - 80
T | 51-56
BOILER TESTIHG 19 1 A1 - ¥ 51-56 H'ae
BOILER TESTING 579 50 I - 51-56 i
BOTLER TESTING 9 41 X -8 51-56 o5
BOILER TESTING me 2l A - ¥ 51-55 s
BOILER TESTING M 1Y A - F 51-56 i
BOTLER TESTING W55 11 X - ¥ 51-56 o0
BOILER TESTING 8028 2! X1 -F §1-56 101
BOILER TESTING 8028 1! I - ¥ §1-56 ot 102
BOTLER TESTIRG B4 1! X - ¥ 51-56 105 106
BOTLER TESTING B4 20 X - F §1-56 o 10
BOTLER TESTING 8977 21 11 -3 §1-56 it
BOILER TESTING 8917 11 I - ¥ §1-56 s 11
BOILER TONE-UP 5 2! 7 -¢ ;o ' 40
BOILER TONE-UP WA 2! ¥ -C 112 1 ; : :
BOILER TONS-UP ¥U 3L T -C 1516 i b :
BOILER TONE-TP ¥4 40 V-0 1920 1 n ;
BOILER TUNE-OP #4 11 V-C 1,8 1 oo :
BOILER TONE-UP s o3 V-0 w1 i 2
BOILER TONE-0P o2 V-0 ua | I :
BOILER TONE-0P 0% o1l v -0 B 1 5w :
BOILER TUNE-UP M5 A ¥ -C  4T48 1 R :
BOILER TONE-OP s 20 7 -C 940 1 0w :
BOILER TUNE-UP M5 3 ¥ -0 434 6 :
BOILER TONE-UP M5 1) ¥ -C 35,3 1 g :
BOTLER TONE-UP 153 10 ¥ -0 5152 1 A :
BOTLER TUNE-UP 9 20 ¥ -C 5556 1 55 :
BOILER TONE-UP MO 21 T -0 59.60 1 I :
BOILER TONE-OP B8 20 ¥ -C 6168 1 B :
BOTLER TUNE-UP BB 1 T -C 6364 1 B o :
BOILER TONE-0P B 20 V-0 75.76 1 wo ;
BOILER TONE-0P ORI A A ;
BOTLER TONE-0P BT 2LV -C 838 1 L :
BOTLER TONB-UP 8917 11 ¥ -0 79.80 1 I :
BUBNER REPLACEMENT R I :
BURNER REPLACKNENT M5 20 ¥ -C 9198 8 6w ,
BURNER REPLACEMENT M5 1! 7 -C 9.8 8 I i
BURNER BEPLACKNRNT M5 30 ¥ -0 104,002 87 Y i
BURNER REPLACENENY M5 4L ¥ -C 105008 8 W i
BURNER RRPLACENENT M3 10 ¥ -C 109,110 87 " i
BURNER REPLACENENT 59 20 ¥ -C 17,118 8 T i
BURNER REPLACENENT 9 10 ¥ -C 13,14 8 T i
BURKER REPLACENENT 71t ¥ -C 121 b i
by o-c fn,i2 8 13 1 8




INDERI

' Yol ECO  RESOULYS COST EST  BCIP TEST TABLE
ECO Yitle B/C -3, & App Page  Page Page Page Page Page
BURNER REPLACENMENT 7710 2 vV -C 125,128 87 121 128 88
BURNER REPLACEMENT 8028 1} Vv -C 128,130 87 131 132 88
BURNER REPLACEMENT 8028 27 V -C 133,134 87 135 136 88
BURNER REPLACEMENT 8874 2 vV -C 141,142 87 143 144 88
BURNER REPLACENMERT 8874 1! ¥ -¢ 137,138 87 139 140 88
BURNER REPLACENENT 8977 20 ¥V -C 149,150 87 151 152 88
BURNER REPLACEMENT 8977 1) V -C 145,146 87 147 14§ 88
CENTRAL CHILLED WATER PLANTS F! Il - 3 5
CENTRIFUGAL CHILLER REPLACEMENT 525 21 I -D 352,353 35l 354 355
CHILLED WATER TEMPERATURE RESET 3220 10 IX - D 442,443 44l 4 445
CHILLED WATER TEMPERATURE RESET 3305 1¢ IX -D 446,447 Wl 4438 iy
CHILLED WATER TEMPERATURE RESET 484 13 IX - D 450,451 441 452 453
CRILLED WATER TEMPERATURE RESET 4488 20 IX - D 454,455 i 456 457
CHILLED WATER TEMPERATURE RESET 5250 1) IX - D 458,459 Al 460 461
CHILLED WATER TENPERATURE BESET 5250 24 I - D 462,463 M4l 6 465
CHILLED WATER TEMPERATURE RESET 5400 1! IX - D 466,487 44l 468 469
CHILLED WATER TEMPERATURE RESET 5681 17 IX -D 470,471 44l i 473
CRILLED WATER TEMPERATURE RESET 5681 2! IX - D 474,475 4l 476 417
CHILLED WATER TEMPERATURE RESET 5681 3¢ II -D 478,479 441 480 481
CHILLED WATER TEMPERATURE RESET T120 1) IX -D 482,483 441 484 485
CHILLED WATER TEMPERATURE RESET 7770 1% IX - D 486,487 44l 488 489
CHILLER ECONOMIZER 109 1) IV -B 1 131 143
CHILLER ECONONIZER 3485 1} IV - B 131 131 139
CHILLER ECONCHIZER H00 1) IV - B 132 13t 135
CHILLER OPTINIZATION 200 1} IV -B 91 90 71
CHILLER OPTINIZATION 484 1) IV - B 36 90 99
CHILLER OPTINIZATION 4488 2 IV - B 101 80 104
CHILLER OPTINIZATION 5250 1} IV - B 106 80 109
CHILLER OPTIMIZATION 5661 1) IV - B 111 80 114
CHILLER OPTIMIZATION 56861 2! IV - B 116 80 119
CHILLER OPTIMIZATION 5681 3¢ IV - B 121 90 124
CHILLER OPTINMIZATION T120 1! IV - B 126 80 129
CHILLER SHUTDOWN 3220 1} IX - D 289,290 288 291 292
CHILLER SHOTDOWN 484 1) I -D 293,294 268 295 296
CHILLER SHUTDOWN 4488 2} II -D 297,298 288 299 300
CHILLER SHUTDOWN 5250 1} IX -D 301,302 288 303 304
CHILLER SHUTDOWK 7120 £} IX -D 305,306 288 307 308
CHILLER TESTING 108 1 II -F 1,2 : 3-5
CHILLER TESTING 3220 1} X1 -F 1,2 6-8
CHILLER TESTING 3305 1} XII -F 1,2 9-11
CHILLER TESTING 3305 2¢ Il - ¢ 1,2 - 12-1
CHILLER TRSTING 3485 14 XI - F 1,2 15-117
CHILLER TESTING 4484 14 X1 -F 1,2 18-20
CHILLER TESTING 4488 2% II - ¥ 1,2 24-26
CHILLER TESTING 4488 1) II -F 1,2 21-23
CHILLER TESTING 4505 1) II -F 1,2 271-29
CHILLER TESTING 5250 27 II - ¥ 1,2 33-3%
CHILLER TESTING 520 1} II -¢F 1,2 30-32
CHILLER TESTING 5400 1) II -F 1,2 36-38
CHILLER TESTING 5681 2§ II -F 1,2 42-44
CHILLER TESTING 5681 1) II - ¥ 1,2 39-41
CHILLER TESTING T120 1} X1 - F 1,2 4H5-47
CRILLER TRSTING 770 13 X - 1% 1,2 48-50
COMPLETE CHILLER OPTIMIZATION 5400 1) IV - B 146 145 150




I ¥DEIX

1 Yol ECO  BESOLTS COST EST  ECIP TEST TABLE
ECO Title B/Cs-%) % App Page  Page Page Page Page Page

COMPLETE CHILLER OPTIMIZATION M0 1) IV -B 152 145 156

CONCLUSIONS Ex} I - 8

CONCLUSIONS N} IT - & 1

CONDENSER TOBE CLEANING 109 1) VIII-D 2,3 1 { 5

CONDENSER TUBE CLEANING 3220 1} VIII - D 6,7 1 8 9

CONDENSER TOBE CLEANING 3305 2 VIIT-D 14,15 | 16 11

CONDENSER TUBE CLEANING 3305 1V VIIT - D 10,11 1 12 13

CONDENSER TOBE CLEANING 3465 1) VIII - D 1,19 | 20 21

CONDENSER TUBE CLEANING 484 1} YIII-D 22,23 I i 25

CONDENSER TUBE CLEANING 4488 1} VIII-D 26,27 i 28 29

CONDENSER TUBE CLEANING 4486 2 ) VIII - D 30,31 1 32 kki

CONDENSER TUBE CLEANING 4560 1} VIII-D 34,35 1 36 37

CONDENSER TUBE CLEANING 4505 11 VIII - D 38,39 i 40 i1

CONDENSER TUBE CLEANING 5250 1} VIII-D 42,43 1 1 45

CONDENSER TUBE CLEANING 5250 2 ' VIII - D 46,47 1 4 4

CONDEKSER TUBE CLEANING 5400 3 ! VIII- D 58,59 1 60 61

CONDENSER TUBE CLEANING 5400 2 ) VIITI-D 54,55 1 56 51

CORDENSER TUBE CLEAKING 400 1§ VIII- D 50,51 i 52 53

CONDENSER TUBE CLEANING 5681 2 ) VIII - D 66,67 1 68 69

CONDENSER TUBE CLEANING 5681 3 P VIII-D 10,71 1 12 13

CONBRYSEK TUBE CLEANING 5681 1} VIII-D 62,63 1 64 65

CONDENSER TUBE CLEANING 7120 +} VIIT - D 4,75 i 16 17

CONDENSER TUBE CLEANING 7770 1} VIII-D 18,79 1 80 81

CONTRACT SCOPE OF WORE VIIL- A 1

CORRESPONDENCE VI -4 26

DOWNSIZE BOILERS 15 2y v1 -¢ 301,302 299 303 304 300
DOWNSIZE BOILERS 7105 41 VI -C 317,318 299 319 320 300
DOWNSIZE BOILERS 7105 37 VI -C 313,314 299 315 316 300
DOKNSIZE BOILERS 7105 27 VI -C 308,310 299 3t 312 300
DORNSIZE BOILERS 7105 1} VI -C 305,306 299 307 308 300
DORNSIZE BOILERS 7153 1! VI -C 321,322 298 323 324 300
DOWNSIZE BOILERS 7770 2% VI -C 329,330 299 331 332 300
DOWKSIZE BOILERS 770 17 VI -C 325,326 298 321 328 300
DOWNSIZE BOILERS 8977 1} VI -C 333,334 299 335,336 337 300
DOWNSIZE BOILERS 8977 24 VI -C 338,339 299 340,341 342 300
ECO DESCRIPTIONS Ny I -4 2

ECOs ANALYSES Ex) I - 2

ECOs NOT APPLICABLE N} II - 4 18

ENERGY CONSERVATION OPPORTOKITIES Bx! I - 2

ENERGY CONSERVATION OPPORTONITIES CONSIDERED N |} II - 4 |

ENERGY CONSERVATION OPPORTUNITIES EVALUATED X! II - ¢ {

ENERGY STUDIES BY OTHERS K} IT -5 l

EXISTING CORDITIONS ¥y II - 2 1

EXISTING EQUIPMENT CONDITIONS N} IT - 2 10

EXISTING IKSTALLATION EQUIPMENT Y Ir -3 ¢

FIELD SORVEY Ny I - 2 |

INSTALLATION OF TURBOLATORS 15 2% VII-¢C 170 769 m 112

INSTALLATION OF TURBULATORS 7106 1) VII-C 773 769 M 115

INSTALLATION OF TORBULATORS 105 3} VII-C 779 769 7680 181

INSTALLATION OF TORBOLATORS 7105 4 VII-C 782 768 783 184

INSTALLATION OF TURBULATORS 7105 2 VII-C 176 769 11 178

INSTALLATION OF TURBULATORS 153 1} VII-C 785 769 786 187

INSTALLATION OF TURBULATORS 75719 1) VII-C 788 769 789 190

INSTALLATION OF TURBULATORS 7579 2 VII-C 791 769 192 193
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! Yol ECO  RESOULTS COST EST  ECIP TEST TABLE
ECO Title B/C#-%) % App Page Page Page Page Page Page

INSTALLATION OF TOURBULATORS 770 2 VII-C 197 169 798 198

INSTALLATION OF TURBULATORS 70 1) VII-C 794 769 195 796

INSTALLATION OF TURBULATORS §028 1) VII-C 800 769 801 802

INSTALLATION OF TURBULATORS 8028 24 VII-C 803 769 804 805

INSTALLATION OF TORBULATORS 8874 2} VII-¢C 809 769 810 11

INSTALLATION OF TURBOLATORS 8874 1} VII-C 806 768 807 808

INSTALLATION OF TURBULATORS 8977 1} VII-C 812 169 §13 814

INSTALLATION OF TURBULATORS 8977 2% VII-C 815 769 816 817

INTRODUCTION ¥y IT -1 |

INTRODUCTION - Executive Summary Bx! I - 1

OPERATION AND NAINTENANCE RECOMMEKDATIONS NIl - 4 8

ORGANIZATIONAL TABLE FOR ECOs Ny II - {

OVERVIEW OF TECHNICAL APPROACH ¥! II -1 A

QXYGEN TRIN STSTEM 115 2} VII-C 640-643 638 644 645 639
OXYGER TRIN SYSTEM 7105 4! VII - C 664-667 638 668 669 639
OXYGEN TRIN SYSTEM T105 1) VII - C 646-649 638 650 651 639
OIYGEN TRIM SYSTEM 7105 2} VII-C 652-855 638 656 657 639
QITGEN TRIN SYSTEM 7105 3} VII-C 658-661 638 662 663 639
OXYGEN TRIN SYSTEM 7153 1! VII-C 670-673 638 674 675 639
OIYGEN TRIN SYSTEN 7579 2! VII-C 682-685 638 686 687 639
OXYGEN TRIM SYSTEM 7579 1 ¢ VII-C 676-679 638 680 681 639
OXYGEN TRIN SYSTEM 770 1} VII-C 688-691 638 692 693 639
OXYGEN TRIN SYSTEM 7770 2% VII-C 694-697 638 698 699 639
OXYGEN TRIN SYSTEM 8028 2% VII-C 706-709 638 110 111 639
OXYGEN TRIN SYSTEM 8028 1} VII-C 700-703 638 104 705 639
OXYGEN TRIN SYSTEM 8874 1) VII-C 712-715 638 116 111 639
OXYGEN TRIN SYSTEM 8874 2} VII-C 718-721 638 122 123 639
OXYGEN TRIN SYSTEM 8377 1% VII-C T24-727 638 728 729 639
OXYGEN TRIN SYSTEN 8977 2 ) VII-C 730-733 638 T34 735 639
PERFORMANCE TESTING K, II - 3 1

PREAEAT COMBUSTION AIR 15 2 VI -C 365-367 363 368 369 364
PREHEAT COMBUSTION AIR 7105 4} VI -C 385-387 363 388 389 kI 11
PREHEAT COMBUSTION AIR 7106 1§ VI -C 370-3712 363 373 kif! 364
PREHEAT COMBUSTION AIR 7105 24 VI -C 375-317 363 378 379 364
PREHEAT COMBUSTION AIR 7105 3¢ VI -C 380-382 363 383 384 364
PREHEAT COMBUSTION AIR 7153 1} VI -C 390-392 363 393 394 364
PREHEAT COMBUSTION AIR 7579 1} VI -C  395-397 363 398 399 364
PREHEAT COMBOSTION AIR 7879 2 VI -C 400-402 363 LUK] 404 364
PREHEAT COMBUSTION AIR 7770 1} VI -C  405-407 363 408 409 364
PREHEAT COMBUSTION AIR 7770 20 VI -C  410-412 363 413 4 364
PREAEAT COMBUSTION AIR 8028 2% VI -C 420-422 363 423 424 364
PBEHEAT CONBUSTION AIR 8028 1) VI -C 415-417 363 418 419 364
PREREAT COMBUSTION AIR 8874 1) VI -C 425-421 363 428 429 364
PREHEAT COMBOSTION AIR 8874 21 VI -C 430-432 363 433 434 364
PREHEAT CONBOSTION AIR 8977 2} VI -C 440-442 363 3 4 364
PREHEAT COMBUSTION AIR 8977 1t VI -C  435-437 363 438 439 364
PURPOSE AND OBJECTIVE Ky II - 1 |

RECOMMENDAT I0KS NI -7 1

RECOMMENDAT I0KS Ex! 1 - 16

REPLACENMENT BOILER 15 2 v -C 115,116 113 177 178 174
REPLACENENT BOILER 105 2¢ VvV -C 183,184 173 185 186 174
REPLACEMENT BOILER 7105 4 VvV -C 215,216 173 217 218 174
REPLACEMENT BOILER 106 1) VvV -C 179,180 173 181 182 174
REPLACEMENT BOILER 7153 14 vV -C 187,188 173 189 190 174




I ¥DEIX

1 Yol ECO  RESULTS COST EST  ECIP TEST TABLE
ECO Title B/C#-#, ¥ App Page  Page Page Page Page Page

REPLACENENT BOILER 7579 20 V -C 195,18 173 197 198 i
REPLACEKENT BOILER 7579 1) vV -C 191,192 173 193 194 174
REPLACEMENT BOILER 770 14 v -C 198,200 173 201 202 174
REPLACEMENT BOILER M0 2 V -C 203,204 173 205 206 174
REPLACENENT BOILER goes 1, Vv -C 2212 1IN0 213 u 174
REPLACENENT BOILER 8874 2V V -C 207,208 173 209 AU i
REPLACENENT BOILER 8977 2t ¥ -( 224,225 173 226,227 228 174
REPLACENENT BOILER 8977 14y Vv -€ 219,220 173 221,222 223 174
RESULTS Bx) I - 8

RESULTS, CONCLUSIONS, AND RECOMMENDATIOKS Bz 1 - 8

5COPE Ex} I - 1

SCOPE OF WORK Ky I -1 |

STEAK V5. ELECTRICALLY DRIVEN CHILLERS 3220 1) IX - D 357,358 3% 359 360

STEEL FEEDWATER ECONOMIZER 115 27 VII-C 551-553 549 554 555 550
STEEL FEEDWATER ECONOMIZER 7105 3 ) VII-C 566-568 549 569 e 550
STEEL FEEDWATER ECONOMIZER 71056 2} VII-C 561-563 549 564 565 550
STEEL FEEDWATER ECONOMIZER 71056 4 VII-C 571-573 548 574 574 550
STEEL FEEDWATER ECONOKIZER 7105 1) VII-C 556-558 549 559 560 550
STEEL FEEDKATER ECONOMIZER 71583 1) VII-C 576-578 548 579 580 550
STEEL FEEDWATER ECONONIZER 7879 1) VII-C 581-583 549 584 585 550
STEEL PEEDWATER ECONOMIZER 7579 21 VII - C 586-588 49 589 590 550
STEEL FEEDWATER ECONOMIZER 770 1) VII-C 591-593 549 594 595 550
STEEL FEEDWATER ECONOMIZER M70 20 VII-C 596-538 549 539 600 550
STEEL FEEDWATER ECONOMIZER 8028 2 ¢ VII - C 6506-608 549 609 610 550
STEEL PEEDWATER ECONONMIZER 8028 1) VII-C 601-603 549 604 605 550
STEEL FEEDWATER ECONOMIZER 8874 2, VII-C 616-618 549 619 620 550
STEEL FEEDWATER ECONOMIZER 8874 1, VII-C 611-613 549 614 615 550
STEEL FEEDWATER ECONOMIZER 8977 1) VII-C 621-623 549 624 625 550
SUMMER BOILER INSTALLATION 15+ v -C 251,262 248 253 254 250
SUMMER BOILER INSTALLATIOR 7153 ) ¥V -C 255,256 248 257 258 250
SUMMER BOILER INSTALLATION 7291 vV -C 259,260 249 261 262 250
SUMMER BOILER INSTALLATION 75719 4 vV -C 263,264 248 265 266 250
SUMMER BOILER INSTALLATION M6 ) vV -C 267,268 249 269 2N 250
SOMMER BOILER INSTALLATION 7855 ) vV -C 211,212 W9 PAK] AL 250
SUMNER BOILER INSTALLATION 8874 1 ¥V -C 215,216 249 an 278 250
TECHNICAL APPROACH Ex} I - 2

TESTED COMBUSTION EFFICIENCY 15 27 I -8 1,2

TESTED COMBUSTION EFFICIENCY 624 3, I -%K 1,8

TESTED CONBOSTION EFRICIENCY 24 47 X -% 9,10

TESTED COMBUSTION BFFICIENCY B4 2, I -% 5,6

TESTED COMBUSTION EFFICIENCY 24 1) X -% 34

TESTED COMBUSTION EFFICIENCY 725 1) X - 11,12

TESTED COMBUSTION EFFICIENCY ms 23 I -8 13,14

TESTED COMBUSTION EFFICIERCY 725 3¢ X -% 15,16

TESTED COMBUSTION EFFICIENCY 7105 37 Y - 21,22

TESTED COMBUSTION EFFICIENCY M5 2 X -K 19,20

TESTED COMBUSTION EFFICIENCY 7105 17 X -8R 17,18

TESTED COKBUSTION BFFICIENCY 05 4! Y -k 23,2

TESTED COMBUSTION EFFICIENCY 7153 1) @ -K 25,26

TESTED COMBUSTION ERFICIENCY 7291 2 1 -K 28,30

TESTED COMBUSTION EFFICIENCY 7281 1t X -E 21,28

TESTED COMBUSTION EFFICIENCY 779 17 Y -8 3,32

TESTED COKBUSTION EFFICIERCY 7579 51 I -K 31,38

TESTED COMBUSTION EFFICIENCY 75719 23 I -K 33,4




I RDEI

! Yol ECO  RESOLTS COST EST ECIP TEST TABLE
ECO Title B/C -8, % App Page Page Page Page Page Page
TESTED CONBUSTION EFFICIENCY 779 47 1 - 35,36
TESTED CONBUSTION EFFICIENCY M0 1 I -§K 39,40
TESTED COMBUSTION EFFICIENCY 7% 27 @I -K 41,42
TESTED COMBUSTION ERFICIENCY 785 1V I -&k 43,4
TESTED COMBUSTION EFFICIENCY 8028 1} X -§K 45,46
TESTED CONBUSTION EEFICIENCY 8028 2, Y -EK 47,48
TESTED COMBUSTION EFFICIENCY 8874 2 X -Kk 51,52
TESTED COMBUSTION EFFICIENCY 8874 1} I -E 49,50
TESTED COMBUSTION EFFICIENCY 8977 2!V I -%K 55,56
TESTED COMBUSTION EFFICIENCY 8977 1} X -E 53,54
TONED FOR AVERAGE LOAD CONDITIONS 15 27 I -E 107,108
TONED FOR AVERAGE LOAD CONDITIONS 24 27 X -k 1,112
TONED FOR AVERAGE LOAD CONDITIONS 628 1, X -E 109,110
TONED FOR AVERAGE LOAD CONDITIONS B4 37 I -F 113,1H
TONED FOR AVERAGE LOAD CONDITIONS 624 &, X -E 115,116
TONED FOR AVERAGE LOAD CONDITIONS 725 3} X -k 121,122
TONED FOR AVERAGE LOAD CONDITIONS 2 1V 1 -F 17,118
TONED FOR AVERAGE LOAD CONDITIONS 4725 2V 1 -k 119,120
TONED FOR AVERAGE LOAD CONDITIONS 4726 4 I -k 123,12
TONED FOR AVERAGE LOAD CONDITIONS 7106 2 X -k 127,128
TUNED FOR AVERAGE LOAD CONDITIONS 105 37 Y -B 128,130
TONED FOR AVERAGE LOAD CONDITIONS 106t} Y -k 125,126
TONED FOR AVERAGE LOAD CONDITIONS 7105 47 X -B 131,132
TONED FOR AVERAGE LOAD CONDITIONS 153 17 Y -B 133,14
TONED FOR AVERAGE LOAD CONDITIONS 7201 27 1 -E 137,138
TOXED FOR AVERAGE LOAD CONDITIONS 7201 1 X -% 135,136
TONED FOBR AVERAGE LOAD CONDITIONS 779 2 I -k 141,142
TONED FOR AVERAGE LOAD CONDITIONS 779 1V I - 138,140
TUKED FOR AVERAGE LOAD CONDITIONS 7770 1V @ -F 143,14
TONED ROR AVERAGE LOAD CONDITIONS 7770 2 Y -F 145,146
TONED FOR AVERAGE LOAD CONDITIONS 7855 20 I -B 149,150
TONED FOR AVERAGE LOAD CONDITIONS 7855 1) 1 -EB 147,148
TORED FOR AVERAGE LOAD CONDITIONS 8028 2 ¢ X -E 153,1M
TONED FOR AVERAGE LOAD CONDITIONS go28 1 X -K 151,182
TONED FOR AVERAGE LOAD CONDITIONS 8874 1) I - K 155,156
TONED FOR AVERAGE LOAD CONDITIONS 8874 27 X - K 187,158
TONED FOR AVERAGE LOAD CONDITIONS 8977 2! I - 161,162
TONED FOR AVERAGE LOAD CONDITIONS 8977 1 I -E 159,180
TONED FOR SUMNER LOAD CONDITIONS iy 27 Y -F 163,184
TONED FOR SUMMER LOAD CONDITIONS 624 4! X -EK 165,166
TONED FOR SUMMER LOAD CONDITIONRS 26 4 1 -k 167,168
TONED FOR SUMNER LOAD CONDITIONS 7153 1} X -K 169,170
TONED FOR SUMNER LOAD CONDITIONS 7291 1) 1 -RB 171,172
TONED FOR SUMMER LOAD CONDITIONS 719 1y I -F 173,114
TONED FOR SUMMER LOAD CONDITIORS M0 1y @I -F 175,118
TUNED FOR SUMMER LOAD CONDITIONS 7855 1) X -E& 177,178
TONED FOR SUMEER LOAD COKDITIONS 8874 2 Y -k 179,180
TUXED EOR TESTED LOAD CONDITIONS 115 27 I -8B 57,58
TONED POR TESTED LOAD CONDITIONS 624 1) 1 -E 59,60
TUNED FOR TESTED LOAD CONDITIONS 624 4) Y -¢ 65,66
TUNED FOR TRSTED LOAD COKDITIONS 624 3V X -k 63,64
TONED ROR TESTED LOAD CONDITIONS 64 27 X -% 61,62
TONED FOR TESTED LOAD COKDITIONS 725 2! X -1 69,70
TONED FOR TESTED LOAD CONDITIONS 4726 1) @ -8B 67,68




INDEI

1 Yol ECO  RESOULTS COSY EST  ECIP TEST TABLE
ECO Title B/C¥-3 ) % App Page  Page Page Page Page Page
TONED FOR TESTRD LOAD CONDITIONS 425 37 1 -% 11,72
TONED FOR TESTED LOAD CONDITIONS 7105 4, Y -8 79,80
TONED FOR TESTED LOAD CONDITIONS s 21 % -% 15,76
TONED FOR TESTED LOAD CONDITIONS 05 3 I -§ 11,78
TONED FOR TESTED LOAD CONDITIONS M5 24 I -8Rk 85,86
TONED FOR TESTED LOAD COMDITIONS B 1) I -8 13,1
TONED FOR TESTED LOAD CORDITIONS 7183 1, I -E 81,82
TONED FOR TESTED LOAD CONDITIONS 7291 1, I -8 83,84
TONED FOR TESTED LOAD CONDITIONS 79 20 I -% 87,88
TONED FOR TESTED LOAD CONDITIONS 719 43 I -K 89,90
TONED FOR TESTED LOAD CONDITIONS Mo 2, I -§K 91,92
TONED FOR TESTED LOAD CONDITIONS 7855 1) I -K 93,94
TONED FOR TESTED LOAD CONDITIONS 8028 2, X -K 97,98
TONED POR TESTED LOAD CONDITIONS 8028 1, X -K 85,96
TUNED FOR TESTED LOAD COMDITIORS 8874 1! I -F 99,100
TONED ROR TESTED LOAD CONDITIONS 8874 23 X -E 101,102
TONED FOR TESTED LOAD CONDITIONS 8977 2 I -E 105,106
TONED FOR TESTED LOAD CONDITIONS 8977 1 I -E 103,104
THO-SPEED COOLING TOWER FAN 109 1 I -D 310,311 309 312 313-318
THO-SPEED COOLING TOWER FAN 3220 1) I -D 317,318 309 319 320-323
TWO-SPEED COOLIKG TOWER FAN 365 1) IX - D 324,325 309 326 327-330
THO-SPEED COOLING TOKER FAN 4500 1) IX - D 3304,3308 309 330C 330D,330F
THO-SPEED COOLING TOWER FAN 4505 1 ¢ IX -D 331,332 309 333 334-337
THO-SPEED COOLING TOWER FAN 7M1 1 IX -D 338,338 308 40 341-344
UTILITY RATES Ny I -2 3
VARIABLE SPEED FANS 624 & VII-C 754 142 755 156 143,744
VARIABLE SPERD FANS 3628 1) VII-C 42 746 47 143,74
VARIABLE SPEED FANS 626 2, VII-C 48 742 749 750 143,744
YARIABLE SPEED FAKS 628 3} VII-C 51 142 152 753 743,744
VARIABLE SFEED FANS 72 4] VII-C 166 142 167 768 743,74
VARIABLE SPEED FANS 4726 2} VII-C 760 142 161 762 143,744
VARIABLE SPEED PANS 4725 3¢ VII- ¢ 763 742 764 165 743,744
VARIABLE SPEED FANS 25 1) VII-¢C BT 2 158 159 143,744
VARIABLE SPEED PUMPING 3220 1} IX - D 494,495 493 487,498 439
VARIABLE SPEED PUMPING 3485 1) IX - D 500,501 493 503,504 505
YARIABLE SPEED PUMPING 4464 1) IX - D 506,507 493 509,510 511
VARIABLE SPEED PUMPING 5681 1) IX -D 512,513 493 515,516 517
WATER TREATMENT/FILL REPLACEMENT 109 1) VIII-D 201,202 200 203,204 205
WATER TREATMENT/FILL REPLACEMENT 3220 %} VIII - D 206,207 200 208,209 210
WATER TREATMENT/FILL REPLACEMENT 3305 2 ) VIIT - D 216,217 200 218,219 220
WATER TREATMENT/FILL REPLACEMENT 3305 1t} VIII-D 211,212 200 213,214 215
WATER TREATHENT/FILL REPLACEMERT 3485 1) VIII - D 221,222 200 223,224 225
WATER TREATMENT/FILL REPLACENMENT 4488 1) VIII - b 226,227 200 228,228 230
WATER TREATMENT/FILL REPLACEMERT 4488 2 ) VIII - D 231,232 200 233,234 235
WATER TREATHENT/FILL REPLACEMENT 4500 1} VIII - D 236,237 200 238,238 W
WATER TREATHENT/FILL REPLACEMENT 4505 1) VIID - D 241,242 200 243,244 245
WATER TREATMENT/FILL REPLACEMENT 5250 1 ! VIII - D 246,247 200 248,249 250
WATER TREATMENT/FILL REPLACENENT 5400 1} VIII - D 251,252 200 253,204 255
WATER TREATMEKT/RILL REPLACEMENT 5400 2 ) VIII - D 256,257 200 258,288 260
WATER TREATMENT/FILL REPLACEMENT 5681 1) VIII-D 261,262 200 263,264 265
WATER TREATMEBNT/FILL REPLACEMENT 7120 1) VIII - D 266,267 200 268,269 270
WATER TREATMENT/PILL REPLACEMENT 17770 1) VIII - D 271,272 200 273,2T4 275
WATERSIDE ECONONIZER 109 1§ IX -D 365,366 364 368 369
WATERSIDE ECONOMIZER 3220 1) IX -D 370,311 304 mn 3




INDEI

! Yol ECO  RESOLTS COST EST  ECIP 15T TABLE
ECO Title B/C#-3 ! ¥ App Page Page Page Page Page Page
WATERSIDE ECONOMIZER 305 1) IX -D 375,376 364 378 379
WATERSIDE RCOROMIZER 3485 1t} IX - D 380,381 364 383 384
WATERSIDE ECONONMIZER 484 1} I - D 385,386 364 388 389
WATERSIDE ECONOMIZER 488 1} I -D 390,391 364 K['k] 394
WATERSIDE BCOKOMIZER 4500 1) IX - D 395,386 364 398 399
WATERSIDE BCONOMIZER 4505 1) IX -D 400,401 364 403 404
WATERSIDE ECONOMIZER 5256 1) IX - D 405,406 364 408 409
WATERSIDE ECONONIZER 500 3 IX -D 410,411 364 413 i
WATERSIDE ECONOMIZER 561 1! IX -D 415,416 364 {18 419
WATERSIDE ECONOMIZER 7120 1) IX -0 420,421 364 423 424
WATERSIDE ECONOMIZER 770 13 IX - D 425,428 364 428 429
¥ORK ACCOMPLISHED ¥} II - 3 |




